Abstract --Solidification and subsequent annealing of Bi2Sr2CaCu20y (2212) in oxygen and argon atmospheres were investigated in order to identify alternative processing routes for controlling microstructures and superconducting properties. In addition to 2212, several other phases formed on cooling in 02 and did not disappear upon subsequent annealing. Crystallization in Ar resulted in a divorced eutetic structure of Bi2Sr3-,CaXOy and Cu2O/CuO. The superconductor was formed on subsequent anneals. Samples
INTRODUCTION
It is common to employ a melt-processing step during processing of Bi2Sr2CaCu20y (2212) superconductors in order to produce highly aligned microstructures with good superconducting properties.[ 11 However, phase formation is difficult to control with melt-processing due to the incongruent melting of the 2212 phase. Some of the Sr-Ca-Cu-0 phases that form on cooling do not always disappear with subsequent annealing below the peritetic even though they are not the reported equilibrium phases. [2] It may be possible to circumvent some of these problems through processing in low oxygen partial pressures or altering the starting composition. In general, the melt is oxygendeficient and the uptake of oxygen during solidification from the melt or crystallization of quenched melts controls the phase formation. [3, 4] In the absence of oxygen, the 2212 phase does not crystallize on cooling. Solidification in oxygen or air results in several other phases besides 2212. [5] In addition, annealing steps are generally required after meltprocessing and the oxygen partial pressure used here will also affect the phase evolution. It has also been well established that a substantial solid solution region exists for the 2212 phase. [6, 7] Therefore, understanding the roles of oxygen and composition during melt-processing is necessary in order to control the microstructure and phase assemblage. In this paper, initial resu-s are presented on phase formation in oxygen and argon during solidification and the recovery of the superconducting phase during subsequent anneals. Several problems associated with melt-processing are examined and possible solutions are discussed based on the results of this study.
EXPERIMENTAL PROCEDURE
Samples with a nominal composition of Bi2Sr2Ca1Cu2Oy were prepared from high-purity powders of Bi2O3, SrCO3, CaC%, and CuO, mixed in the appropriate ratios, calcined, and splat-quenched to produce a homogeneous starting material. These samples were then ground, pressed into pellets, and annealed at 865'C in oxygen to produce the 2212 phase with minor amounts of . Pieces of these samples were then melted on MgO single-crystal wafers in oxygen at 1ooo'C or Ar at 900°C for 15 minutes and cooled at 10'C/min. to room temperature. These samples were also post annealed to study changes in superconducting properties and phase assemblages as a function of oxygen partial pressure. Phase analysis by energy dispersive x-ray (EDS) analysis was performed on polished cross-sections of these melts in a JEOL 840A scanning electron microscope (SEM) using a glass standard as described elsewhere.
[8] Melting temperatures as a function of oxygen partial pressure were obtained by differential thermal analysis (DTA) using a heating rate of 2'C/min. Resistivity measurements were obtained using a standard four-probe technique.
RESULTS AND DISCUSSION

A. Solidification in Argon and Oxygen
Major melting events were shown by DTA to occur as a function of oxygen partial pressure at 895'C (100% 02), 884°C (20% @), 869'C (8% 02) and 801'C (Ar). Hence, the melt processing temperature can be lowered by 100'C in inert atmospheres. Samples for this study were melted on MgO wafers in 0 2 at 1OOO"C and Ar at 9oo'C. Although these temperatures are higher than normally used during actual processing of wires, [ 1, 2] cooling from the higher temperatures helps to highlight various aspects of the solidification process for easier evaluation. SEM micrographs of polished crosssections are shown in Fig. 1 . Both samples showed a segregation of CaO that accumulated near the top of the melt as well as the presence of some air pockets and pores.
Solidification in Ar resulted in a uniform distribution of large, primary crystals of Bi2Sr3-xCaxOy (23x) surrounded by a divorced eutetic structure of 23x and Cu2O/CuO, in general superconductor, Bi2Sr2-xCaxCuOy (2201) were also found and are probably present to make up for small compositional variations.
In contrast, phase formation upon solidification in oxygen was much more complex resulting in a large number annealed in 0 2 at 85 located to the right.
heating at 10'C/min to finall I shown in Fig.2 . SEM analysis revealed only some subtle changes in the sample melted and annealed in e. Resistivity measurements were performed on the, four samples discussed above. The Ar-melted sample was found to be semiconducting. The sample melted in oxygen was superconducting, but with a broad transition and zero resistance at 71K. After the anneal in oxygen, the Ar and 02-melted samples showed relatively sharp transitions and zero resistance values of 88K and 84K respectively.
B. Oxygen Partial Pressure Anneals
At this point, considerably more effort was directed towards solidification in Ar followed by annealing since this process generally resulted in the same phases and superconducting properties as the 02-melted samples, but with a more uniform microstructure. Recovery of the 2212 phase was studied as a function of oxygen partial pressure during subsequent anneals. In addition, samples were melted under vacuum and allowed to solidify in Ar in order to reduce the amount of air bubbles trapped in these melts. Finally, the heating rate during anneals was lowered to 2'C/min to better equilibria@ the sample with the surrounding atmosphere.
The fist anneal of these samples was carried out in 02 at 850°C for 50 hours. Lowering the heating rate resulted in a somewhat more uniform sample although the microstructure of this sample, shown in Fig. 3a , is similiar tothat in Fig. 2a .
The phases present were the same in either case. The average 2212 composition was Bi2.14Sr1.89Ca0.94Cu2.030~. -Samples melted in Ar were also annealed in 20% and 8% 0 2 a t 840'C and 825'C respectively. In each case, the annealing temperature was approximately 45'C below the melting point for each particular oxygen partial pressure to be consistent with the 0 2 anneal at 850°C. The overall microstructure of the sample annealed in 20% 0 2 was completely uniform as shown in Fig. 3b . Hence the two-layer microstructure observed in the 100% 02 anneal may result, in part, from too high of an oxidation rate.
[3] The large, dark patches seen in Fig 3b are the 1:l phase, many of which contained CaO particles, while the smaller needles are the Carich 2:l phase. Also present were 24x, CuO, 2212, and 2201, but none of the 14-24 phase was found in this sample. The average composition of the 2212 phase was A uniform microstructure was also present after the anneal in 8% 02 as shown in Fig. 3c . In this case, 23x replaced 24x and considerably more of the Ca-rich 2:l phase is present compared to the anneal in 20% 0 2 . The average composition of the 2212 phase from this anneal was Bi2.17Srl.99caO.86cU1.98~.
Bi2.16Sr2.03Ca0.84CuI .97oy. Resistivity measurements, shown in Fig. 4 , revealed all of these samples to be superconducting with zero-resistance measured at 88K for the sample annealed in 100% 0 2 and 89K for the other two. Also shown are results from a 2212 sample annealed in at 850'C without any melting step.
The tail seen in this curve is characteristic of such anneals and reflects the benefit of 2212 melt-processing.
From the above results, it is clear that the melting temperatures used may be impractical for normal processing since they exagerate problems such as CaO Separation and the formation of large Sr-Ca-Cu-0 needles. However, these experiments are useful in gaining a fundamental understanding of solidification from the melt. For example, melt-processing in inert atmospheres or vacuum is possible since the superconductor can be recovered from the oxygendeficient phases. Melt processing in reducing atmospheres is especially attractive since the solidus is lowered by approximately 1OO' C and it appears that the overall microstructure that results after the subsequent anneal can be very uniform provided the sample is carefully annealed in a reduced pressure of oxygen. More work is in progress to refine this process. One area that will be examined is the effect of the microstucture of the Ar-melted sample on phase formation during the subsequent anneal. For example, large grains of 23x may be meta-stable when annealed in a partial pressure of oxygen whereas a fine microstructure of 23x and Cufl may completely react to form the 2212 phase.
